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STAI7FORD RgqBAYRC INSTITUTE

Interlm Report

U1iDERGRO1ThD KMILOSIO1 %rSTS AT DUlCISAY

1 . ThTRODUiCTION

TDa Interim Rop~rt Ch thrs~eta at the flugWiy Proving Ground during Way 11951

A ~ '~el with the e-ffect or Undergroutd czp2Osoe on -surface strweaturesa. The priD~eiplw1-tsubjects,-o the report comprise: (a) desaziptidz aznd co==0znt-8a d3the prrforauinoe of

~nd*qu~~0lt2 (b)peTtial raiklts. In tabu]jr fQrm n ~o f~pn-

0 - ty analy4 -of- the- 4"ta to dher1 it~ sae -g0#0 coe > Zaph~eis h" been

-'pa~~upon the pei fco- man oe of tbe-en iit zf=&W -view to _Its z4-Ioamedation fr-

similar future teatB :"and upaa making the data -avallable- at the *&r-I*St possible

The abief .-orilusid- th- be -dra,03 frowmh nomfo pefps nti nei

fteplt is tbhat they equipmet and -prnckeur*V,* wer udamentally--satifot-ry., TLe a4

toohniqubs, perhaps with- _ few very migor modif "catioas daecribed in the- text,- ar-e

reoq~wea4*d for future teSts. -

At preavent, beoause of the complaxity ane amounV of data proauxred, It Is possible

to report- ouhjxtAh0 inforrtition of particular importance that'dould be iinalyzed qulclly .

)3aaau" of the groat mass of data , andi ')ausoa -r'ather e itenive Manipulation W111 be

rtiqulzft4 before volooities and transient di abaetn cain be determined, only a verv

brief And' 'ag~etsry anlWals has been performed. In the~ fItnl repiort thte axialyzed H

dlata available -fro the program will ba presented In comtlete detail.

k)~flL 7~A
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A. C..,eral Dusarpto uif h Teatsi

The th-ree axplosion3 with *whioh this report is concernedi were as follows:

Charge size Depth of -'Ckam
Rotund No. Lb. ot TNT Seale Feet Scale x.~ DateI.31B 320,000 1.0 350.5 May 2 2. 1951

315- 40,000 04 ., 1 0.5 Way 10, 1951
12~ 2,560 ~027 . 0.5 may"5, 1954-!

Thm three abulv X1ired ih dry. 0 1&Y s~il at t4 a Sage F1-avto-InI'tfle Dugway

Provin.# Ground, .,,*re- v sma li roup of a large beries of'shott in'both dry,. clay and i

"Oher types or Boil. All th a8-e t-osta~a briefly described in-:three -booklets -issueo.

Suikaar t h -- t e-o-f- -nderground Exlso-Ts "b-~o tv-Cn~rci.Ban i

in tp~eering l'boOtieo hY~h of Engineers. Tbi boc.k1et efititled -ITvoram

A ?pt ~~~ n1 1!44 tp& =tjm tAP~tAr4mnte has u nv h

prl;.qr~.l~v _pt te ncapg of this repoft, 'I The bo~ok1let entitled "Prograx B" TIests -I

Roz.0-has z,- zoanei-ou witdi thisa reoport; :-2o~e~n~te Supplementary Progr=,

Surface Stitictur-e ets, -.dat-ad Harca 1 9' l Is colicerned dPrieiy am~ solely W1 th, tze

teatz raported here. __

B. .-Purposs s=d-jScope of the Tests

-T64~ lopmg-raa~e purpone (>-f this~~~~nsypor ia-- btslhej~i

motnta1- dats froA ic tbreOvriplosiona fitol vh1l~ wil V faci I 1,; a, n estlnrtt oi the

efl-eets of lairge urndergrowj~l expluaslils on surfocv EtructtWe Jii c--)= oi ui~- Enday.

It vii pro'ruvct to ouce-,n'lI Jh this purpuErc prk~urll, by &iauking

(m Ih, i; 'agot rotvk. tud* by comj'L-rilig "Lt; r±jUv1mtvnt_- :lta turcz-r-nts rade ini
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the soil and in the air an .t ti . rm, ditances from the blast. Although the meas-

urements in the soil e, rL . Ui !%nlly a part of our program, it was later decided

that an important it ould ccrue if soil monsurements were made with an in-

strumentation system similar to that used for the structure measurements. The deter-

mination of the fundamental properties of the air-blast resulting from these explosions

was a part of the primary purpose. This was important both for its own sake and also

to permit correlation with the structure measurements. .......

Since the forcei on th t -':ucturc footings and their movements .may be affected

by the elastic properties of' the oad on them, two types of loads were used. One had

elastic properties approliutIui those of actual buildings, while the other was intended

to provide a purely static load for the footings. In the structures having elastic

properties approximating actual buildings, two stiffresses were used, heavy and light.

In the structures providing only static loads, two footing depths were used, shallow

and deep.

The transient horizontal (radial) and vertical accelerations of the test foot-

ings were measured. The angular acceleration of the footings in the vertical radial

plane is to be deduced (if possible) from measurements of the vertical acceleration at

the center and rear of each footing. The velocity and tr-ir Lt displacement of the

footings will be determined by integration cf the acceleration records.

The immediate purpose of the, supplementary program was to establish by measure-

ments the certain data concerning the effects on surface structures of the three under-

ground explosions in O.ry clay. The objectives were:

CONFIDENTIAL
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a. To make meI.untsS rzI electronic gages, of the quantities involved

at the locations listed bhoo',i.

(1) The horizontal radial acceleration of each test footing.

(2) The vertical acceleration of each test footing.

(3) The vertical acceleration at the rear of selected test
footings (to permit deduction of the angular acceleration).

(4) The horizontal radial acceleration of the top deck of

certain test structures.

(5) The shbar strain at the center of certain columns in some
of the-test structures.

b. To establish scale relationships by conducting tests on three rounds:

one at full scale, one at 0.5 scale, and onu at 0.2 scale (these are Rounds Nos.

318, 315, and 312).

c. To measure free air pressure vs. time at several distances from each of

the three charges. /

d. To establish the effect of type of lcad on the acceleration of footings

by making measurements on the following target structures:

(1) On the 1.0 scale shot (Round 3>8)

(a) Three rectangular structures which load, the test foot-

ings by a reinforced concrete upper deck supported above

the footings by 6-foot heavy steel columns on 12-foot by

8-foot centers.

(b) Three rectangular structures identical to (a) except that

light steel columns are- used.

(c) Two triangular 3tructures in which the test footings are

loaded by a reinforced concrete deck supported directly

on the footings.

CONFIDENTIAL



(d) ana aimuiatod. bridge pier.

(2) On tile 0. 5 scale shot tl ond -lj

(a) Threea strictures which are 0.5 scale atatio models of
the structursei under (1)1e).

-(b) One struotvr6.which Is a U."5 scale dyiiamic M-Odel or the
structuree under (i)(c). .

(c) On strukcturn which fs a 0.5 scale dynamic model oF the,
-etruct -'s under (1)(4). j

'I) Two ttructura&7whlch areo3 scledyaic !]of the . ~-

- 'P 3 sale ynaic mbels

(4-Trbstructures w1,ch are 0.2 sale statcmodels o n
*~~~O ,, structures ne ~i

b) T etrotures wh I h -e a. 02 scae dyni.Mc models oft

structur-es unde~jcj

Zn addition to 'these meaeueneWitS ot t-he strtuctures, the lnsttit'tnaado &me

-o~aueeneof soil accelerat-ion. These m~asarements or -ce_-e oixtfi accelerationi near

the aurfaoot '*er =Qdbe expressy S~or correlation Witk 'the f~rujCtu4e fodvWi-&acOC raU,.Ono

Add itional 31=iler measuroent: were made -bi the Xngineerlng 'Re-asrch keoclOtiA . o-

ever, their measurem~ents were made wivh entirely d ife~ftn1 ga±ges m~td recording equip-,'

ment. Moreover, moot of thee rarprda wver taken at distances from the chbargo ecxtu

dii-ferent from those u-sed for the ztvur; tr aeRurements, anid wer obtainied ini a. COM-

plutely different suotor from the structures. For all of thcoo reasonn, Airoot e~rre-

lation of Btructure behavior with the S.R.A. measurements 18 of doubtfl viauu.

00 'of IDZtNT IAL
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II.. PCRIZ-11011 Or, THH1~ N6-RM&TATIO

A. General -

The ~ ~ 1- Sntuettino l hots was -laid tit- oo ao, to Place the recordini-Z

oaclilographs In a treiler,,protacted, -. om the ,blaat and slioak at an average dintanoe of

6o0 feet f-,-ou tba-mtrucitures whose movement It-was desired to record.,- The primary powei,

source for the-reoordijig trealer was 5-Vii.~vat~ Onan generator, -Ariven -by AL gasoline

enigine, imith i duplidate unit for Ond-by. -After the equipment in ,the trailer bad been

co ate adadu~ed tetiaIop~tion during each shot ias controlled from a poin

about one mile Aay. -- No personnel, remained. at thoe 11ecording-oquipment during thea

The remote control_ pysam wae asimplifled almost- to theit 6f t4a-ting-It to the jtart_

lig ofthe paper-drive mcheanisms-in the. oscil lograpia. N fw taljc-bacik oircuiisJitbe

-__ ZoxaLobe *ere -util fie&' to indloats -actual apimoveme±lt, and t. nhe noma :o'

abnormal voltn~tage few' imotnt ot Theae circuits w"ras ale I ~ h"p

po se of lrxdl cating gross. failures J44t prior to -detonatin Th i_~cee 6dtnatn *.-'

coulebo postponed. iwas not bnecessary~in anly otr the -tesvste

Remote opeletilo -of tbe recording e quijpent ,a undertaken both to save cable

4-4 i- e st-mete d that aaving pl aboit 350,O(00 fbst of _trea-tarOdctor cable "-. asc-

complisbed) and to improva_ bhe gage sensitkivity. -It wao n vroFaizzd thl1t. th dya~itiges

wvra obtalued at the expeae 01. lkvra.d bazard of' railure, dtie to the remotfiy con-

tr-,licd equt "&nut. No, railure of uquij~ent could be attrbu-tecd to the rewoLe-operat!.Pn{

f t-ucn ebny'of the Lbrfo tests.

MFD7_.,-TAL
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The primary, inatirmantation of' struoturee was by mos~s Of accelarozaterE on the

iz~gt: and on the top deck. All acelromseters wore of the balanasd-reluctance typW7

built by the Wfiancko Ingin-e-ring Oompany. Theae-gages, are aBupplied- -trug tbrae-onn04 __

ductor cable with approximately 14' valta at 3000 oyelaa. The output at rated value of-

*onis &pproximatly "ae volt, and the ou~u &-very nearly propotIlvial to,~

eccelerstjon 1'or,%ll mial up to awtt2 timeiat~e rati . The uspu1ijus sign4s and

noise output of the to_-be- lose than- one pe r. qeny-of- their red-,

output'. M e 'the- a alsa -are tr~kd7itd over the ihrvq)e9A 410 oI caleg 2 t h

pniyl~l tha alaF tberlUorat source of notsei. At aitotel reau thk

Outgdt 6i the gages after trsmgiszion throuih~the,. o# lesaend di uliox i a?

driiren by each gaga- Sinch noihf glgoeesi =oife serai-

-tivity -to' about onesFisth Of that,of -- the otb*1'r ek-i gage o~n hi~amade lo 'oduce zTW6

tiraoe- on the' oai1orf 4 -~ifering by -a facto-r of 6 in mgnitudie-

Sthe- magnituUe Uttb aqcelei'atton,,to- be- measured was quite uacerttin, thI3!

irocedure rva be pikaluable.~ ltrthe -manitudif was srl),' the bith7

sniiiytrace ws 5ti]I of readable ampliItude, whezea§ w.zen tbumnpgnitudo. wes i- -

the l-on-itivity traCe feUIT'vd,cof tho rurordling ppr, Onlyt3-arlen im *p --

.1o1okse ratio of the vari~2tl-reluotancle gages and the associated eleotrIce l&ieit5

nitte-dthe rec-:ndin.of data having so great a range of- ribgnitude.

Tiirse rangas of socelo"rmatra wore used, al being dumped to aibout 0.7 triti-

OONIDM'ITAL
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ca1. Ful-oaji rwigen and nailral frequeneobe were ais followB:

Natural Freaueno.
ni), --B al w Rqyal s -Per aa cold)

~30g- 190

//5 g

The eomtO~rc nn a ted to one or two of the -reccordlng galva~iometers

listed below, ill' o-f wboh were da. ped: ta- bout 0,7 &-ltical.

(A- trI Iiamper-, Per 7)

- 0.47 230

1.0 460460

*_ Parod"v aahaol~wtrrtn~b vmr& Ohono that the Upper ilia'-or-

f req "z Cy response olr the system was determined by the sarlarometer.

-t<ns adcceleromeerre --o~suires *ae aZ tnt'ented by M&4 ic.-

iitnc~~re str ini. ges ji-lac~d on each side of the' central portiou of ti4 web o ac

e olunp_ of tbB reatagular eOrucl-ures. The eJlfments &a rarelved from Baldwln-southwari

ve" orogsaea at 900. They were then attached to -the Colo~ns so Chat each igla;,nt formedf en angle of 450 to the colu=n axis, and borice wben propuxly conveoted would Ieftoure the

ffhear Eitrain Iti the colunm.

Thseie elements -are oonneoted to tnrm the four a=B~ ot a Wheatstono brldb6.

0ON74N* -
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IThe output of' to strain-gg bridga, after ae-~ll Linas delivur-d

to recording gftlvenometers with the followirkp obareeterigtios:

sen~iivityNatural Ve~ueney
___________sper______ (t~vclea per second),

The tipper limit of freqtienay respona" of tYf-straij .gage chaffelasl-ixad~by,

Sgadv~kromettirs. SIrnoe ths .eximud value o ,-1&ratrain.-near -the, centor of the

col-wan is limited by the fatSt'Jiat the- column. -fails in b rdnsgt the t-cy ip, d afl he the

lin ear e~ften61S diiS o' -t'D0Ind7viduE27~*slements when -placed, t6 m-ear ebear'etrMln are

-- not a& great- as when aloed to meaeure, the, extenion due to tension or ben ding. the sigi -

::;a1,'to-noIse iatl' ad-b~~ observe& on the treiln-'gage cnanrneleAo- oCinb* erably infei' or

o that Obserred on the ao'oelerometer otannels. -- ~ '.

Air'. as Gae - . t 4 . C '

- $e- pressure gages by wijic ar blast was measured * e of the -balenoed-relue-

taJpce ,type Man~acturtsd by, Vianckq . R lectriuallj, they ire essentially Identical to -the

e(lceeromtetI MahnCll a Bourd~on tube controls tae moving arm&tur4 All t he

gep ued~ bad a ruil-sae Ae of 10 pal and a-rise time (to, 0.9 filial -value) qf 0. 3

n111iseconds. A porous plug -as ifleludud Ii these gages by which slow varlati~ns in -

Eoapherio piessurs are automaticall~y 'talancedi out. The tire conntant of. tho porous plug

was 10 to 120 ecohds.

The-so gagas were mounted in the center of' a steel baffle, 12 inches by 12 Ianc1s

00zW1DEITIAL
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by 1/2 inch thick, which was SUDP~rtOd about fourt~ean inches, abovA the surface on a 3-

inch pipe, as, shown ir 1iu' . Tho m~ounting was oriented so that the plane of the

baffle was rerticaj- and radial; thus "side-on" air pressure was measured.

These gages were connected to recording galvanometers identical to those used

for tho aosc L~roznietrs (all 340 cP3

xcept for a fewv 460 cps on "ho 0.2

scale shot). The upper limit of fre-

quoncy respoe ras therefore delter-

minea by the galvanometers.

E. Instruments for Soil Measuro-
inent

The acceleration of the soil

was measured at a number of points by

the use of two or three WiOacIo accel-

erometers mounted mutually perpendic-

ular to each other inside canisters

buried 2.5 feet deep. From an instru-

Tigue 1.A .ir-Bast ageMouningmont standpoint, these measurements

were identical to those on the acceleration of the structures and the same comments apply.

The canister, shown in Figure 2, was designed so that when complete with the

gages its density closely approximated that of the soil. LAfter placing the canisters in

the earth, a lightweight, qui'&k-setti.ng cement was usod to fill the Aninulus between the

canister and the hole. The remainder of the hole was tamped full of earth. The combin-

OO.147DEN TI
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ation of matobed density and cem~ent was used to give optimum coupling or the accelero-

meters to the earth.

In addition to the measurement of earth accelerations,.measurements were-made at

Figure 2. Canister and Accelerometers Figure 3. i0l Bag and Gage for Measure-
for Measurement of Sub-sur- meat of Sub-surface E1ydro-
face Acceleration. static Pressure

selected points of the change of hydrostatic pressure in an oil bag buried in the earth.

The;3s pressure measurements were made as a part of a different contract and are reported

here only because the measurements were maGae simultaneously with the measurement of soil1

accelerations. The pressure gaseB were of the Bourdon tube balanced-relucta-nce type

MOONVFIDEJNTIAL
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Manuactued y Mancko, Enid were electrically equjvai1~nt to t~ ecuvtlrumtr.A bag

balanced out any 1ouw ongs In pressure. The risu timp, of' these gtgee was about 0.3

milliseconds.%

The pressure 986. were c"~P2,,&taly onc~l&9ad within the oli- I led Neoprene -bag

a n oare3WRB ta"ke't. b "f that no i ,",bb- wasc.eft' wthin the-.bag Cexcept f~r -t-Le mi -

ute bubble ins1ide ti, pre$.urq-gagO case beohncr th& porour, plv~j. The camplete- &%saebly

Of Predare grage an ,9pr~& a -wea lowered to the bottoth of- thehoie and waa then aur- -

& rounded qnd coveret -by Aquagel en±'oIjtb mud, after Avhin the _holea was tamped 1 of

_ f~h-ondtor, 
--.o..,'--

C

Caiinon Plugs -- 112 and/kXL-3-l2) was uaed ,for- the tbelancid-'eluctanoo -ev. *Jbr the

-st~ain garjej, 6f~eat~s'a two-donciuclorAhelded Belden No. 8422 cable were ezPloyed.

3 '~- The cable by'i1ic the' instrt~ont tk'eiler Was cnjrOleg Tromea remte poin

we i ten-conducior- vinyliti-insu lsed cable, Belden No. 8743.

0. QOailoppba -

- ~. ~.3A111int 01' -the o illoarajhs w4ihn Kruiel J,, manufactured by- -th'e Wllm itr-

Oorporation, $aolv oscillo~vraph has proviuion for tbirty recardling r£lvanotera and sup-

pliivs records on 32-iijvh-wide peiper. In order tO obtain gi~ater spacing bet~een indi,±-

dos trcason th, aeor , 3, Oily tvj~fty to twanty-rive galvomcitera out of. the possible

we. I' WziI
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thirtY -were ured on any £1uiige inm4i-unuut.I

These osoillographo, ohioh wore operated at. a recordirig-papor upvod of about

1Inches per Recond, provide automatic transverse timing lines fit '10 milliscoid Inter-

A~ ~ ~ _0-fu rolorcrigae____eplcdinteiagzI At the re-

codn 4pe uye [-19 i le thuy "posietof )reco rd ~ jc o-b60 ooea a rs1otdvas

equzioeprt.Tie tosa1rt whe placer i ablt 5 seetsnd w prioredd to aeoat poftetnhebt e

herne tev rcodter A h sho~~tya 1 izi moe'd aot145 tzse 3ns cnetdt n~

thee qr n titn -la thiopaer triv~e sate tas ama1 a meha n thee ocll Lb

graphser ovie-lont pr zd ibratloe ignal~ ind eah chante 0nckWao. B b~m ei

wiilo fetmnr t-o I.,n-srtioui1.ns e oiduing aof oa thedb thre the o-

ing touc tIn an&*o of failtureer

Aqimet Tisnl trailr Wa fited Ic -pa openda Oumovd to n Protecting ncO3,

duin tc ho. Aslul-tfa~lku outd nth r~lr a cnece t n-o
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shortly befre' eo4 phdt wi, fired.

Timber shelters for the Instrument trallr were d~esigned and provided by the

Corps of Ingineers t~o proteat the trailer on-aah shlot. They proved entirely adequate.

Darkiloom facii- Mes cnstructed at the Duwy ~ti1ir mthe site} ootth~z-piiosonh, permitted prompt- prooessing of the five 681logra;:h records attier

each explosiot . ThIs 'prompt proiovosing (all-thercrswr aalbe b -study wti

I t2ve hours following -tesht roved fvr greatv1 in permitting anva~yaito m

4 e n ai et z&n ia~uent rlayo~uts for subsequent tq Bts. Am auto~atIa. dvlop-_

g -ng achnebuiltbytb hs ti-tuts-was used to pro ss theng 32-±a&-vwide roooidu

~4n.~.ohine

007MYNL4.

any-~



I *PEMMWCE1~ OF MM I2STFJITAT1TON

A. General

The over-all pqrfoz=enae of the equipanent ard the tstzentation procedure

used wnG entlr-Al-j Mj:tjs~actory, WrA a wo would havec no~ besi-tation

In- rao4~ommnU tho i4etical equipment andiprocedura fur future tests, The difol

tie's desciibsd below, althnugkl exolusivaly mitor, Suggested &-e 9SW*lgiit modifloat4vas

In the reoomaended procedure and- vui~out.-

The ="-t basic aspect of the instr= enietlon- plan, namely, the" roto-opesrs-

tIca or the' 6cording eqxtpment, proved, of great value.T1~b tewvbniqu" mAde possible a-

very- 1-argsving_ in~ cable - (which -16 Qf- imortue In dol-Ur cost, preparation t~m, ahd_

imp, titweep nuccoilisive .tistai. With~a singl dnet~62 hrei oeiec tha/"ho

*-incidend", or the air-blast ox eiith-~eboc* wavea on t3-Ltcr bad ay effept

The procedu~a of using two galvanodeters on esci- gage rhn's=-e demonstrated to

be very vk~diIle Inded"A conaieratep tIo f h moti ~*
t-eat at-Dugway motdl& have be ot hlyo~atalI hspoel"hdnt.*

followed It is-oiI'r reoconendtatho t in fut-ure 'similar testu;- prectili-ryT1 1.

ne-a be connected In this mannler. It shoiik beoted egni*. atbthi procedure 'canv- -

SUCCessfully followed withuiot a- signal lival asod a ai&ial-to-noise ;#ti:4, of the ei

lence obtainQWile with the balanced-raluatence-type gege manufacturedi by ha Wieca.

ne'lIng Conpaeny.

CONITIAL___



No troubles wore entow.,tered with the aefilerowators thei. elvGS. Ruwevsr, we

ware Rvware of the pcrbility that thonoaoelerometer moutings mitht ring (o~o±11ate at

their own natural frequienoy). In Praliminery teats; made prior to tne f'irst explosion,

we found that the acqeleromotsr mouwt4 constructed of steel 9nglea bolted to thC- T ot-

yi y

eliinated the ringing.

In tbe -etandard. W1-Anrcko yte 'uedheaein' e 3000-efqle os-cill~tor

in. taL trailer, supplied-power to~twe~jve gages. Intel~r'.;ption o:6'tte poer supply to any

one gage,~ as --,y cab2~e breakage, produces a transient diaturbane-e4&tlng the 'o1r---6r ten 6'

mi~li~jcoxld iall-,of the other gae oneted to 'the aa~e _oscillator. M &~plate a

ieolstion or C be powe'-supply to individual gages appears t6 be quite expensive in terms

of - oth dollars- and space. -We therefore ,roommand thatthi a =:ior difficulty be to7e

ate4 In !utu1 taste. but that cable br aage be zniiizsd. -

Because- -f theAnhorent low Benef-t~vity bf the rsslstanlca-wire atin gages,

the aignal-t?-floisSe ratio of the strain channels I s *ery m~foh'poorer tliahi tbnt. of tho

ap~eleroniet- channele. Tbe, stftln-ga~o rerords show a 411 g'f~ tr eu ejy rippl Aa t ~

cycles por secon'id which is believec t3 be A beat froque3noi between be Miller setraini

gage) oscillators and the Wienotko (acceolerometer) oscillators. It io doubtf'Ul if addi-

tional filtering to reduce thia ripjple will bo wortt iis cosit, and it Is 6ur r-ocinmenda- -

tion that -ari-gage channels or thin tspa bo used wherever -aacessary with the expeota-

OONIDEI4TIAI.-



tion thrat sumo %oioc wiI bro aJ4prnait.

Altho-jrh twelvo s'train gpia ae supplied from~ Ek si-oG mast-sr osoillator,

t he, a -1s 'n '4!-Ait power arpliliur ntugo for ech gage and hence" no isolat-ion difficulty

wat obsePr,4d on the Fetrain chanl.

D. A~rBI~etG-iges

No dIfrioulies -with the air-blasi gages were experienced. -

1. -.-.... ru..t(Tu tol l2.re

In the accelarometqris usud loeiw grou~d, a rin4;lng problem similar tothat 4-1a-

lased previously was ax : ekp !2r mutually e;ndcaraccelerometersa-we

mountvod -in u cylindrical canister. B~rly trials 1n-h-i~otA oanister,waa tfiyinped with a

pi~posof wood, demonstrated tbhat, ringing ooow'rreW Thi&o was cured by vedgiag a mal

/2 ~ MF -s a~ andoo pa too tr? Of~we 8- ±wrog ~te oir~~~T

-- No technical dif1fic-atian the_ miaurementof bydrostaptic pressize in the

soil ware ozporignced. The fact that. t4here is some A- ubt in regard to thbe- interpreta-

t4jqxt and sipiii lcance of anjr such masurements is-not a part of' th6:5natT ntztin,

7P. Csble

SC4,e Citble bre]EKa8-e iA Uw a3Aenced Iii the rulI-sc~ile tetst. 411 the brekag'

occurred sufficiently ie-je, after the explo~ioii to suggeat 6trovgly tha~t it wa., caused

entlrely by the rail-out mterial. This conclusion is frtheri C04firmed by the fact that

nearly all the brettkuge ucemnred on cables leading to gages on structures where the onble

OMY'ISMaIAL L i
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above the goin4d. coJd not: be protected against fall-out material. Almost no

breakagn occurred on cables leading to instrinments in the soil. Only one instance was

noted of cable breakage correlating with the arrival of the air-blast wave. None of the

cable breakage was responsible for any important loss of primary data since the phenome-

na of interest had all been recorded before the fall-out material struck the cables.

It is suggested that in future tests, whenever cable breakage is believed to

be a likely possibility, the cables be run in shallow trenches and that they be strung

loosely so that there Is slack to take care of any possible extension of the earth. The

trenches should be covered, piobably with earth, before the shot% is fired.

The Cannon three-conductor plugs (Models IL-11 and XL-12) used on the gage

cables were a source of some difficulty owing to intermittent short-ciruiting. This

was discovered in the instrumentation 
check-out prior to the explosions. This trouble

is apparently partly a result of the 5sall spacing in these connectors. The mechanical

connection is such that tIe tapered conical rubber jacket at the entrance of the cable

into the connector is placed under heavy 
compression as the connector is tightened.. 

It

is our assumption that this compression resulted in sufficient movement of the wires and

pins so that short circuits were sometimes produced. A different type of Cannon connec-

tor (Model WK4-21-C and V&4-22-C) is recommended 
as replacements in future tests.

The ten-conductor Belden No. 8743 control cable was broken 
in several places

during the full-scale test. The control circuits had been designed s3 that failure of

this able after the camera motors had been started 
would not interfere with continued

operation and henice no loss of data resulted from these breaks. Visual inspection in-

dicated that the breal:s resulted from chunks of clay falling on the 
cable, This model

CONFIDITIA
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c.' cable was recognizd z not well designed for the field conditions.

It was utilized simply ic'.zu !t .: tho boat multiconductor cable available within the

time limitations. In futuro te oe, Gonoral Electric 20-gage, nine-conductor shielded

rubber-covered cable is recommended as being better suited to the field conditions.

G. Oscilograiphs

Tho hrfor icc. of '-. ' odel J Miller oscil-ogrcaphs was more than satis-

fac.tory. The only instancz of slight malfunction occurred during the full-scale tet

when the record on one camera was obscured for a few mlliseoonds at about the time the

earth shock reached the recording trailer. This obscuration is believed to stem from a

slight malfunction of the mechanism in the oscillograph providing for the automatic re-

placement of the recording lamp in case of failure. This mechanism (which is of value)

involves a relay which operates a solenoid to move a small mirror in ease of lamp fail-

ure. It is believed that the relay in this particular camera was in pcor adjustment and

was unnecessarily sensitive to shock. Proper adjustment would eliminate this difficulty.

ONFIPXNTIAL
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TV. DATA

//.The duta lutluded iA thin rc~crt wore obtaiihed on threb situto:

Cha~rgeS sz __ 1)epL~ of' Charge
Rnunrd to. Lb. nl' 5.T Sczjde -feet Dael t~ 3a

Druring 3 a c.'i of tnetrt= M fiot Wi ttme L " made of tlie t,mevra~no

()acceleration and sitrin on above-ground structures, (2) acceleration and pressure in

The- permanent d,',stlacement of the structuren o bfo~di f tha df -. - .-.

atr~iueawere measured by "a~ U.-3. Ctat-end Oeodetic Survey .- All-or_ these d~ata,- to

tbe'ejt. they are afaflable-j ir eot e ee

is a siepej&te par't ofthese tkploeicne erens the Xnginetring Research

Associaoesf-& mdeauarekta oncranuaegrudtruotire and-ofsofi aeeert

endrese Tl-ese dat a- are not reported iere.

Tme targA layDut ufth ull-scala+u s Ish h DMIn 1?9ure 4. !~nm t~pes ot

aurf±acL ntruoture!3 Anotrnzented tire illu~stratLed in Figures u, 7, 8, and 9. G-' neraI in-

formation on these surface stilucturus I-n tnbulated br-low:

T.ODXJIt

0 ms N
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Thrgt Col. Footing

Design- TlFura Load Prossure

atIon No. .. . " , (>1. Shoe lb psf _ Remarks

A 6 .. .. :'&5 t) 6"-12.5 lb 8100 1600 Columns failed
B 6 }ic:vy , 3.8 4.5 6"-12.5 lb 8100 1600

0 6 Ileavy Rctan gu iar 410 6.0 6"-12.5 lb 8100 1600

D 7 Light Rectangular 205 3.0 3"-7.5 lb 8100 1600 Columns failed

E 17 Light Rectangular 308 4,5 8100 1600 Columns failed

F 7 Light Rectangular 410 6.0 8100 1600

G 8 Bridge Pier 171 2.5

H 9 Triangular 205 3.0 1600 Deck separated
2350 from front foot-

ings and broke
rear mounting.

1600
9 Triangular 410 :4.5 2350

The primary record of our instrumentation of the above-ground structures is

the oscillograph records. The values in Table I have been taken from these primary oscil-

lograph records. This tabulation includes peakc magnitudes of accelerationr, arrival times,

rates of rise, and duration of the positive phase. While these data are of interest, it

should be emphasized that very important technical information in addition to what can be

shown in tabular form remains on the oscillograph records. For example, no estimition of

the angular acceleration of the footings can be made by comparing the peak magnitudes re-

corded on the V and A accelerometers.

Table II presents values of column shear strain determined from the strain-

gage channels similar to those shown in Table I from the accelerometers. Since the

strain-gage records show that the structures continue to oscillate long after the earth

CONFIDENTIAL
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had essntially come to rest, the recorded period of this oscillation has been tabulated.

For comparison purpose:, th- ::atur:l ot-illnation period of the same structures before the

explosion and after thi. ciirt lad boon removed after the explosion, is also shown in the

table.

In Figures lia, llb, and llc the results of the Caittemore strain-gage read-

ings of the permanent strain in the column flanges are presented. Whittemore gage read-

ings were made on all six rectangular structures before the shot, but it proved possible

to take readings and determine permanent strain only on the three structures which re-

mained standing after the shot.

Th U.S. Coast and Geodetin Survey made precise measurements or the location

of all the structures and of the diagonal distances on the rectangular structures. The

field calculations %o determine movements and deflections were not completed in time for

inclusion in this renort. ,

Structures A, D, Z, and H suffered such extensive damage that determination of

their permanent displacement, or their distortion would have been meaningless.

OOINTIAL
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Figure 5. Representative Oscillograph Record of Structur~e Acceleration

Figure 6. Hea vy Rectangular Structures Figure 7. Lighit Rectangular Structures

Figure 8. Bridge Pier Figure 9. Triangular Structure
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1.0 Scale 25

A"C 1 ACC1IERATI ONS

1 C t . t hr Ar! 0. 0,?4 .- . (jig! 1.0 .127 .0,15 1.5 .163 -3.5 .948
A-,¥ AV j. J 05 .,'2 .Ol J.e - .145 .092 -0.9 .192 --- .145
A A 1. 205 .0 ,1 .017 . 0 .142 .087 -1.3 .192 --- .12

L-1 , .,) ZO5 .} .013 1.2 .135 .070 1.7 .1b2 -2.2 .937
(. V 3.0 205 . O'P .020 L .5 .157 .089 -0.9 .203 --- .157

Atil 3.0 '05 .O)S .0.1 u.6 .182 .552 0.85 .250 --- .250

Rectangular BfH 4.5 308 .116 .012 1.0 .162 .053 -0.75 .175 1.1 .310
(Heavy) Bfr .5 308 .1n6 .012 3.3 .160 .054 -5.3 .188 --- .189

BfA 4. 5 308 .117 .015 2.9 .158 .063 -2.3 .190 --- .158
SrH ;5 308 .122 .017 0.85 .155 .047 -1.0 .175 --- .175

BrV 4.5 308 .121 .-.15 2.7 .160 .067 -5.0 .210 --- .210

BtH 4.5 308 .120 .020 0.2 .175 .070 0.8 .358 --- .358

Rectangular CfH 6.0 410 .139 .011 0.58 .173 .048 -0.37 .190 --- .173

(Heavy) cfV o.o 410 .137 .01Z 2.5 .187 .067 -1.5 .223 --- .187

CfA b.C 410 .137 .023 3.0 .180 .060 -2.1 .210 --- .180

CrH o.0 410 .140 .010 0.57 .177 .042 -0.48 .194 0.9 .263

CrY 6.0 410 .140 .017 1.8 .180 .057 -1.3 .222 --- .130

CtH 6.0 410 .14U .011 0.07 .186 .060 0.55 .375 --- .375

Rectangular DfH 3.0 205 .091 .040 1.3 .140 .06 1.1 .168 3.0 .230

(Light) DrY 3.0 205 .091 .016 5.0 .140 .0'1 -.2.0 .190 --- .140

DfA 3.0 205 .091 .017 5.8 .158- .082 -1.7 .192 --- .158

DrH 3.0 205 .096 .017 1.2 .134 .019 1.8 .160 -4.3 .947

DrV 3.0 205 .096 .011 4.8 .153 .083 3.5 .236 --- .153

DtH 3.0 205 .094 .010 0.3 .180 .650 0.4 .240 -0.87 .940

Rectangular XfH 4.5 308 .116 .012 1.4 .150 .045 -0,9 .72 1.5 .240

(Light) 2fV 4.5 308 .17 .012 ).7 .153 .00 -3.0 .190 -3.7 .913

ErA 4.5 308 .118 .014 3.3 .160 .072 -3.! .213 --- .10

ErH ..5 308 .121 ._10 1.b .158 .045 1.0 .222 --- .158

ZrV 4.5 308 .120 .012 3.7 .158 .080 2.6 .262 -- 5 .38

EtH 4.5 308 .125 .012 -0.14 .170 .040 0.3 .397 ---. 397

Rectaneular FfH 6.0 410 .139 .012 0.6 .ib2 .041 -0.8 .200 1.6 .227

(LIght) Ml' 6.0 410 .137 .011 2.9 .175 .U47 -1.86 .238 --- .175

FfA o.0 410 .136 .v01 2.3 .176 .049 -3.0 .212 --- .212
FrH 6.0 410 .142 .011 0.4 .175 .046 -U.70 .200 1.7 .227

FrV 6.0 410 .139 .010 3.0 .180 .063 -2.8 .225 --- .180
7tH 6.0 410 .141 .010 -0.05 .180 .030 0.28 .410 --- .410

Bridge Pier GpH 2.5 171 .078 .030 3.2 .190 .263 -3.7 .948 --- .948
GpV 2.5 171 .076 .033 3.6 .140 .150 -1.0 .425 --- .140

CpA 2.5 171 .077 .035 4.0 .142 .160 -1.2 .420 --- .142

Triangular HsH 3.( 205 .095 .014 1.2 .142 .280 1.6 .207 -6.0 .933

Hs 3.0 205 .093 .017 4.4 .155 .081 -1. .200 4.5 .524

HsA 3.0 20 .092 .029 4.4 .158 .095 -1.4 .200 c.8 .523

HOE 3.0 205 .091 .020 0.7 .140 .267 1.7 .200 -3.3 .950
HaV 3.0 205 .090 .024 3.8 .152 .088 -1.0 .200 4.2 .946
HdA 3.0 205 .08. .028 3.8 .156 .098 -1.2 .200 -5.2 .940

Triargular Isli 4.5 308 .122 .018 1.3 .160 .048 1.1 .227 2.2 .275
laY 4.5 308 .119 .012 3.2 .16! .069 -1- .208 -5.0 .270
IsA 4.5 308 .117 .010 2.8" .153 .063 -1.5 .200 -6.0 .263
IdE 4.5 308 .119 .011 1.2 .173 .064 0.7 .222 --- .173

IdV 4.5 308 .114 .012 1.7 .150 .067 -1.3 .204 --- .150
IdA 4.5 308 .117 .013 2.5 .168 .060 -2.5 .195 --- .168

STre first letter is the structure designation (see Target Layout plan). The second

letter refers to gage po,itioi on the structure; f and r denote front and rear footing
respectively; t denotes top deck of structure; p denotes a bridee pier; a and d denote
a shallow or deep footing respectively. The third letter referm to the type of meas-
urement made; H and V denote the horizontal and vertical accelerations respectively; A

denotes the auxiliary vertical acoeleration.

CONTFIDENTIAL
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TABU 11.1

SOIL HEASUR~IM"-

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -,b

4w- -~ -1 _ -A

1.0 _I8 3.0-- 205 .2.5 .093 .036 .2-52.1 2ft.2 I 1.3-5 .18? -1.5 .900
1.0 lInTh 3.0 205 2.5- .U91 .027 4-4--119l2 -~ 4 .518 --- X-3
1.0 IMP 3.0 205 2.5 .096 .030 1.2 .157 .30k '1.2 .283 -Z.2 .90
1.0 2mS. 4.5 308 2.5 .1.19 .011 UO.65, .140 .351 0.-55 .206 ~-.
1.0 2my 4.5' 308 2.5 .120 .013 .2.9 .140 .052 too 1, -71,

IA0 2m? 4.5 308 2,5 .122 .030 0.25 .162 .074 0.17 .162~--
1.0 3mH 6.0 410 2. 5 .136 -1~024 0.55, 1R2 .064 0,4 .227 t-2 -58-1
1.0 3wV 6.0 410 2.5 .135 .015 1.16 .163 .044 -1,0 .198 .-.163
1..0 3mP 6.0 410. 2.$ .!36 .038 1). S5 .175 .093 Os 21 .412 0.2 8 .555

1.0 fl-710 D~ . 1 5  .4 0114. .218 .086, 0.14 .)40 0.22 1.062
1.0 17mV 10 b8) 2.5 .185 .014- 0,67 .219 .047 -0.37 .240 --- .218
1. 0 18H 1s 1230 2.5 .276 .015 0.1-2 .304 .tf40 -0.06 . 322 0. 2-V 1.1"7

1. m 18 1.230 '2. 5 .273 .010 0.28 . .300 .4 -09.35 --- .0

The Muiber it) the atation dusignation of the measurement. The lawor 'n ",denotoo

m ade; R an dr-11tu horizontal and vertical ancolaration rufnpetiveay, p danoton
i* t 3 iydroatatia pressur.o

00NITIAL
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GON~q1fiW2IAL

An inacuctud lit Figure 14, four triul~ev.or 80 Wi ndtro brid Ic! ±rs
WOrO inStra~tt~d Uji t118 0.5 80010 teat. Gnrril Infur..iiti on thm ,1tvu~j~e Is~ Ua

follows:- -

'Target Footing:

1 7 2 __ 15 Triangua r U.Scale 125 3 2000 _ _ _ _ -

4N 11 "Bridge Pier - 0. 5 Scale 85.5- 2.5

Is _ 1 Duplicate of 01-20 3

>the mvasured _quantities are tnnt1ned in Ta~4cs-V throug Sin~f the ou ille~p~

records of acceleration a'a d ressu.re are quite-51I ilar *t-Ibb n 27igui8

I0 t. 2-1 and 1) for thea J -cale -teot,-tbey are not reproduced In this 8et~.~

Tlec reivta -ia thea survey tode byc~~et Jhnt-0de~

U.S. -Qit and Cvodetia _urvey , arco etnbo.ned In Table~ V1 and 3' 1i--9. -Disp~ic~

or ~ both the stkiuuturu;3 and of three mo nniO placuC In the &oi *oere mkasuzed.

MLodels in whiuh All d~rix,ion ar . sr~nlud have boun don~gilated "'dynnir~ 1".de." 11
Such L,.Odels til natural1wroiod and the root Ing, -razu-'e are -ellanged- by..!Ihe acak1*4 r r.r
Mondels in whIcah the principal dtmeixions are o.-ed,-but in whjoh the thieknegs oft thej L pur aeck i lureed to vOrntaln footing prenurv essentially anntant, have been
dusifwated %Qtatic nodul."
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.V.

SkA Scale 02'IlTA

TABLE V

-" STRUCTURE ACCLEATIONS

, , . . , ,

r -igular J s .O 102.5 .070 .o25 0.7 .105 .00 1.2 .142 7.d .778
Giu'vi) 3sV 3.0 !02.5 .(YJ2 - 3 1,65 .1 .097 2.0 ,136 25.7 .738

ZOA 3.0 102.5 .071 .021- 2.0 . .0 0 2.5 .136- -10.0 .725
dMH 3.0 o2.L .070 .028 0,6 .2118 .094 1.3 .42 -7.0 .720 ,

3 dV 3.0 102.5 .068 .022 1" 1.65 .120 .087 1.9 .139 11.0 .J40

Td .i, 102.5 .071, .02Q 1.75 .- 0 .086 2.0 .141 12.8 .742- _

Triangular KvS 4.5 154 .o91 " ..- l.O 0.65 .1.--o6 -0.25 .201. 2.2 .292
-Heavy)-- Is!V 4 5. -- 1 ---- 1"- = 2 . . -2 .- 8U.8- 267

-. LA 4.5 154 .089 .020 1.35 .125 5.073 - .o .80 .9 367..

'd- 4.5 154 .091 .020 o.65 .r3. .0- -0.25 2. .270

14'- 4.5 1 5 4 .088 o026 '1.3 .129 .. 075 - .178 -268

K14. 4.5 -54 .08 -'0 1, .146130- 03-.t 6.3 .ZO
Triangular LaR.-6..205 10 .023 0.27 .147 .100.--O24 -. 215- 3.1 .225
(Heavy) LoV 6.0 - 205 -.104 .023 1.0 _-2__

1.4g. _6 Za5 b -AQ' .02t 0..1-"-Y) 3 ,.100 0.28 -.152" 0.30 .260
/. _ LdV 6.0 205 .IZ5. .921 . .139 -059 -0.75 9 .-- .260

-,LdA 6.0 '205 ,106-7.P22 0.95 .139, 064 -0.@5=.195 . .139
Triangular MaHB 4.5 154 .090 -015 ,0.4- ,132 -.-03 0.6 .2"1 2,0 .268

*(-l-t} 14s' 4.5 154 -.088 .02 1.3 .125- 078 .-. 7 .184 S.o .272'
M A 4.5 1,4 .088 0io 1.2 .124- -,074 -1.5 477 b.o .269

-MdH 4-5 154 .090 .020 o. ,37 ".106 0.5 ,149 -1.2 .693
Md'! 4.s5 1'54 -. 087- ,024 1.0, .125 .075' -1A .1175 1.7 .275.

-MA -4.5 -54 .087 -.021 0.95 .1,24 .074 . - .. 5 -1.5 ---

Bridge Flor Npa 2. -5' 8 .5 P 05Y '7 1128 .168 '2.7 .158 -70 .0 f730
(Large) NpV 2,5 85.5. 0Q58 .060 0.65 <V84 .148 1.5 13 J.9 ' ,750 "

p- A '?;.5 5-.5 .059 .069 1.6 .085 .153 3.3 136 6- 3 .730

I -Bridgo Pi ji DIH 2.5 85,5 .062 .058 2.3 .125 .127 . 7 .169 ---

(aall) 0pV 2.5 85.5 .063 .056 2.0 -664 .148 5.0 .127 12.0 .753jOpA, 2.5 8545' 066 .057 0.45 .095, .157 1.2 .138 2.8 .770

Bridge -Pior Pp9 3.5 120 .018 .048 0. 75 .1)0 .135 .1.9 .198 -2.4. .67
(Aal) PnV 3.5 120 .077 011 1.5 .100 .073 1.4 .i20 8.5 .682

PpA 3.5 120 .076 .015 1.3 .100 .072 1.4 .122 8.0 .62--

I2 9"aB page 25..
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(0.5 Scale

TARGETS ,,P

ca fotn ons*ai

L Av~f Ryga located in C O abet

} 1I 1gure 19. Locutiofi of' Suirvoy Points on Str'uctures
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TAKU~t VI

f 1EAFt"WMT DIM AMM T

D I -

j~j Piar N. 2.. ::. c:__
Ri;e lv~t 2 u, ig9 146 38

Itvt-3 Ce 6R .49 .35

-'-si~ 5" 05,5 Rivet 1 3.60 -4 .83

37

-Re -4 3 409 2.1 .4

0104~ R" lo 2.9 08

9 fotxn a-x 2. Z4 Q3 13-
7o0 -' Zg -y 2.26 15 -

~r r~. 3l ~ it1 -2.5 cz. 29,

~t±~,Pi: P -3.5 in, Rivst -I 14 ~ .s 1

5 ~ ~ -45..7v~ . 0 -11 4

- - 8 fetg t -0.7 .2 )i

___ octino B3Y %72 0D2 1,)
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- - ~ o &I -a 0. 7D 0 1 l8
Y*oLlng A-tb 6. 6g 0 16

Tu~t~g-A-C 0.69 L

FO 8 -Z 4D. 72 0± 4

AfwM~t 82 0.75 .12

T~u~r 5. 0.0 .05 Ivt 1 o.11. .0a l

700tl.,t A-0 O1 .01. .02 -

FeOting -~ 04 .02 .02

n . 205 -d~ IZ
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0.5 Scale
C0N2ID ~TIAL

. ....:,VII

'16 0 o .4
.. , .. " , .N, " , o

0.5 4mH 2.5 85.5 2.5 .O7 .0-, ;..u .147 .148 3.5 .177 -4.0 .735
0.5 4mV 2.5 85.5 2.5 .063 .056 5.5 .123 .149 5.0 .159 8.0 .763
0.5 4mT 2.5 85.5 2.5 .070 .055 0.3 137 --- 0.5 .190 0.8 .802

0.5 n.nP 2.5 85.5 2.5 .005 .097 2.5 .190 .182 -1.5 .320 15.5 .763

0.5 5mH 3.0 102.5 2.5 .075 .061. 0.5 .092 .020 1.0 .142 2.0 .205
0.5 5mV 3.0 102.5 2.5 .068 .013 1.4 .089 .090 2.0 .143 5.0 .705
0.5 5aT 3.0 102.5 2.5 .090 .037 -0.4 .208 .047 0.2 .227 -0.7 .710
0.5 5mP 3.0 102.5 2.5 .068 .178 1.2 .258 .247 -1.0 .385 6.5 .71)

0.5 6mH 3.5 120 2.5 .080 .024 0.5 .110 .257 1.1 .258 -1.5 .672

0.5 6MV 3.5 120 2.5 .07? .313 1.2 .100 .071 -1.0 .161 2.6 .680

0.5 6=oT 3.5 120 2.5 .075 .048 0.1 .176 .042 -0.2 .202 -0.25 .705
0.5 6mP 3.5 120 2.5 .077 .130 0.4 .187 .266 0.8 .305 2.5 .677

15 , 2 . .0 5 . ,' .J 5 - 35 ,( i 0 . o .2 0 O - -.' 5 . )7C
7 -.. 5 154 2.5 .013 .Ci3 i.C .120 .074 -0.9 .172 --- .120

I.' ', T 11,I I 2.5 .0O[iO C, < f-." .,I. 71 0.1.5 .4. 5! -0.5 .',15

0.5 47 4.5 154 2.5 .088 ,0' . --- 0.72 .718 --- .718

0.5 &.17 4.> 154 8.0 .085 .054 0.3 .140 .I06 0.6 .375 -0.8 .t60
0.5 8-V -.5 154 8.0 .082 .026 0.85 .124 .076 -1.0 .177 1.0 .328
0.5 8RT 4.5 154 8.0 .085 .021 0.15 .- 15 .058 -0.2 .192 -G.25 .'.68
0.5 8mP 4.5 154 8.0 ., C7c .122 0.3 .477 --- 0.5 .723 --- .723

0.5 9m5 0.0 205 2.5 .10to .021 0.21 .140 .100 0.2 .285 0.21 .736
0.5 9mV 6.0 205 2., .A-1D .0!7 0.8 .130 .067 -0.85 .185 -1.0 .212
0.5 9mT 6.0 205 2.5 .105 ,o!l -0.02 .127 .039 0.04 .162 -0.07 .775
0.5 9, 6.0 205 2.5 .'11I .016 0.03 .130 .062 0.02 .160 0.15 .785

0.5 15mH 8.0 275 2.> .125 .028 0.14 .172 .187 0.27 .290 0.37 .650
0.5 15mV 8.0 275 2.5 .123 .025 0.43 .170 .075 -0.4 .240 --- .170
0.5 16m/4 10 350 2.5 .138 .034 0.07 .202 .200 0.17 .288 0.25 .670
0.5 "imV 10 350 2.5 .138 .020 0.24 .182 .068 -0.32 .245 --- .245

* See page 30. T denotes transverse acceleration.

TABLE VIII

AIR PRESSURE

0.5 Flo 3.0 102-.5 .086 1.1 2.3 -9.8 .103 .035 .4930.5 P1 4..5 154 .132 0.5 1.6 -0.5 .097 .031 .477
0.5 P15 6.o 05 .175 0.5 1.6 -0.45  .098 oz-, .460

0.5 P16 8.0 275 .26 0.3 2.2 -0.3 .096 .025 .497

0.5 P17 10 350 .302 0.2 0.85 -0.25 .104 .023 .429
0.5 P18 13 450 .389 0.15 0.65 -0.15 .111 .021 .408

4 see page 31.
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Target Target
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~~ Th~IV ~ Figure 20.TaetLyu
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D. O.;j Saals

21 Trlsngdart f 5 4 .5 _1666 DiurOk &ea-bof i~ footings.
2 U Tral~~~~ of U1 is6Oo ue dakbs

_1800-- __ ____

MOiC41 of H 470

S 3' 91t"gr.a: Static- 41. .. a3 ure nd oollapsed--deck
Model f D r fo frwa fd.

-_ U11 23 Dpicteof 7T 61.6 4. 5 Major detQrw1Ion.__
V _3 DUP14oats of-T 62 -b0 Some de'drmation.

W "A-4 lome deformation.

4 Thipl Oate ,of'W, b1.. n~7Burie-d a~id ooJ.1ap84d--deck
__________________fa 'th~e 'er

y Dupic&6 _of, W 82 6.0 Negiligible deformation

T1h8se 8trtletuets it 111 rL-ii! ?In gure B2! =rough !4- - -The dat a ~n their '

aocajratlon -. e p3 eseznted, 1in tya~a IM. Via di'agonil extensions of tbe ruotwg~ku a trua-,

tuies nd he rnaentdYpiaonet s~a tru6c.ureia nd'of thL~~ obaMer tsm dim-j td!- Ined 0t1tie U~.S. coast end C~eodqtIr Siirv6 .Atogupot~ ~j. n
Mnda to record Ahe Ioc~in tiih ~ rd ts cnnvho stutief ~ e-lo
oatol dediced from the nrvby mit emit are relt, b~ lIe mot, c:1n1l# honu

4 Filture 25. The tabUuor data are w-ntatuzed in Tables Z afid :91.

NaLsi-Ia pciriods of~ tUe, rootatnaiar AtrutuJres measurud hTfore nr.4 aftlur the~

ii ot exe rei~fted in Table-YII. Aceeat2l o- nar re~ in t" S4anil -a"

shivn in Table XIII azid ixca- iri .entF; 7 ' a-l r-e ya-cmr ue Contitne in Table XIV.
TLe most striking featuive of' this teat vuae tha 'extraori-dnary Wni-tration of

tiow-out Lfatuz'ie' In a ndrcM: sootor ciose to Targwta -0, T, LW 3 X.

. M- CcID=17AL

_ _ _ *
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0.2 Scale iD.NTIAL

TABLE TX

ST35UIc'UICTU AC LERATIONS

-Co

Triangular WsB 3.0 41 .032 .017 8.0 .074 .033 16.0 .085 -18.0 .090

(Static) qsV 3.0 41 .032 .020 9.0 .078 .037 18.0 .090 -33.0 .095
QaH 3.0 41 .032 .035 13.0 .108 .056 -9.0 .114 -16.0 .120

q4V 3.0 41. .034 .023 2.5 .074 .042 -2.0 .103 14.0 .121

'?_ g,' !ar k~i 4 > i. , 1 . .12 05g -55 .220 -10.0 .420

(2ttic) mV 4. 5 - 1 ., .0;0 .052 3.2 .215 -10,8 .382

P,111 4.5 6".5 .095 .037 -7.2 .220 -9.5 .440
FIV 4.5 61.5 .0': ' .! 9 1.7 .090 .047 2.0 .215 -12.0 .415

Triangular Soi 4.5 61.5 .C4 .uLO 2.3 .092 .046 -3.7 .218 -7.8 .550

(DYrz.c) oaV 4.-5 61.5 .043 .012 1.5 .075 .045 4,3 .220 5.5 .430

SdH 4.5 61.5 .043 .03,1 2.?, .090 .042 -3.8 .220 --- .220

SdV 4.5 61.5 .041 .012 1.5 .090 .062 2.0 .216 13.5 .3,!7

Rectangular TfH 3.0 41 .034 .025 9.0 .074 .068 -1.0 .116 11.5 .827

(3tatic) TfV 3.0 41 .035 .020 8.5 .077 .044 -1.5 .213 11.5 .796

TrH 3.0 Ll .036 .030 8.0 .081 .055 -1.Q .21G 8.5 .560

TrV 3.0 41 .035 .015 6.0 .079 .046 1.0 -.35 --- .079

TtE 3.0 41 .034 .012 -0.25 .073 .022 0.65 .096 0.90 .820

Rectangular UfH 4.5 61.5 .045 .050 ;.7 .100 .084 0.5 .135 3.7 .460

(Static) UfV 4.5 61.5 .045 .033 2,1 .106 .050 -0.75 .195 4,9 .460

UrE 4.5 61.5 .046 .047 2.0 .108 .067 -0.5 .122 8.3 .418
UrY 4.5 61.5 .045 .038 1.8 .112 .078 0.5 .132 8.0 .,15

UtH 4.5 61.5 .049 .040 0.65 .116 154 -0.15 .238 -1.2 .460

Rectangular VfH 6.0 82 .052 .032 0.65 .073 .093 0.95 .126 -1.8 .205
(Static) VfV 6.0 82 .051 .017 -0.35 .080 .017 0.55 .098 1.1 .210

VrH 6.0 82 .055 .018 0.35 .077 .030 0.8 .125 -1.5 .205

VrV 6.0 82 .055 .018 -0.3 .08"5 .019 0.6 .100 1.5 .220

vtH 6.0 82 .054 .02. 1.6 .105 .138 0.5 .15P --- .150

Rectangular WfH 3.0 41 .031 .022 13.0 .063 .040 -1.0 .075 --- .063

(Dynamio) Wf 3.0 41 .031 .010 13.5 .063 .044 1.7 .085 --- .063
WrH 3.0 41 .034 .025 8.0 .066 .042 2.0 .085 10.0 .640

WrY 3.0 41 .034 .020 10.0 .070 .049 1.5 .110 13.5 .642

WtH 3.0 41 .034 .010 3.3 4C72 .135 -0.8 .210 --- .072

Rectangular XfH 4.5 61.5 .043 .046 2.2 .097 .098 -2.7 .213 4.6 .402

(DynaMic) IfV 4.5 61.5 .043 .016. 1.4 .088 .084 1.3 .220 9.2 .420

ri-H 4.5 61.5 .047 .046 2.0 .096 .090 -3.0 .213 --- .213
lrV 4.5 61.5 .045 .006 1.7 .082 .057 2.0 .222 4.4 .425
ItH 4.5 61-5 .046 .034 1.5 .110 .110 -1.4 .227 --- .110

Rectangular YfH 6.0 82 .051 .023 0.6 .076 .115 1.0 .120 -2.8 .212

(Dynamic) YfV 6.0 82 .050 .026 0.85 .090 .045 0.65 .120 4.2 .382

YrH 6.0 82 .054 .026 0.4 .080 .031 1.3 .093 -3.0 .210

YrV 6.0 82 .054 .015 -0.25 .073 .015 0.7 .096 4.3 .212

YtH 0 2 .059 .057 0.9 .135 .115 -1.4 .220 --- z220

CC=I DTI A1
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0.2 Scale

IL&112 )J SPLA =4 ENTS

Displacemuns( b

(Sai) otngB 06 -0.0 0.11

'Ny

0 ly4  ~s

Triangular Q. 3.0 41 Footing A D e mo 1 1. s he,
(static) Footing B 0.60 -0.06 0.11

Rivet 1 1.85 -0.11 0.21
Rivet 2 1.44 -0.28 0.09

Rectangular T 3.0 41 Footing A 1.31 -0.10 -0.42
(Static)

Rectangular W 3.0 41 Footing A 3.20 '.16 0.35
(Dynamic)

Monument R1  3.0 41 Rivet 1 0.720 -0.05 0.41

Triangular R 4.5 6i.5 Footing A 0.194 -0.02 -0.03
(Static) Footing B 0.141 0.02 0.02

Rivet 1 0.036 0 -0.05
Rivet 2 0,062 0 -, 03

Rectangular U 4.5 61.5 Footing A 0.327 -0.03 0.05
(Static)

Rectangular X 4.5 61.5 Footing A 0.131 0.05 1.37
(Dynamic) -

Monument R2  4.5- 61.5 Rivet i 0.143 0.03 0.03

"iriangular S 6.0 82 Footing A 0.166
(Dynamic) Footing B 0.130 -0.01

Rivet 1 0.064 ,C 0

Rivet 2 0.100 20

RectaLgular V 6.0 82 Footing A 0.042 -o.01 0.01
(Static)

Rectangular Y 6.0 82 Footing A 0.042 -0.01 0.02
(Dynami c)

Monument R3  6.0 82 Rivet 1 0.037 -0;01 0.01

CONFIDENTIAL Sest Available Copy
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DIAGONAL I XTENSI ONS

0

Rect igultr T 3.0 41 1 to 3 Demolished ---
(Static)* 2 to 4 ---

Rectangular U 4.5 ul5 1 to 3 4.023 40.P4
(Static) 2 to 4 -.135 -4.91

Rectangular V 6.0 82 1 to 3 -.052 -1.91
(Sta'ic) 2 to 4 -.216 -7.90

Rectangular W 3.0 4) 1 to 3 -.170 -6.21
(Dynamic)* 2 to 4 +.049 +1.79

Rectangular x 4.5 61.5 1 to 3 Demolished ---
(Dynamic) 2 tc 4 ---

Rectangular Y 6.0 - 82 1 to 3 -. 003 -0.11
(Dynamic) 2 to 4 -. 008 -0.29

Static models were loaded with a heavy upper deck (5j-inch st-,:.
Dynamic models were loaded with a light upper deck (1-inch ste,

' It is presumed that point I was on a front footing; Point 2 va, o%
the aeck above Point 1; Point - was on the deck above PoI:n. 4; ojin-
4 was on tfle ear footing radially outward from the front footi ,j.

TABLE XII

NATURAL PERIODS

0 'V
C0

Z I4

..2 .0

Rectangular T 3.0 41 .271 ---
(static) U 4.5 61.5 --- .282

V 6.0 82 .269 .298

Rectangular W 3.0 41 --- .213
(Dynamic) x 4.5 61.5 .123 ---

Y 6.0 82 .131 .123

CONFIDENTIAL

Best Available Cop'
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0.2 Scale C1

,'Q"
0 ~ ~ CO0

-

0.2 IOMH 3.0 41 2.5 .028 .028 9.5 .060 .060 -1.5 .113 --- .060

0.2 lOmV 3.0 41 2.5 .030 .029 7.0 .063 .060 -2.0 .260 --- .063
0.2 lOmT 3.0 41 2.5 .033 .028 2.5 .063 .042 -2.0 .084 --- .063
0.2 1OmP 3.0 41 2.5 .036 .020 2.6 .075 .080 -1.0 .156 --- Gi5

0.2 limR 4,5 61.5 2.5 .040 .045 1.7 .088 .091 -1.6 .195 --- ,088

0.2 llmV 4.5 61.5 2.5 .040 .034 1.2 .093 .037 -0.5 .176 1.4 .195

0.2 11mT 4.5 61.5 2.5 .044 .017 0.2 .100 .060 -0.3 .138 0.4 .204

0.2 llmP 4.5 61.5 2.5 .045 .035 0.6 .105 .100 -0.45 .177 --- .105

0.2 12mH 6.0 82 2.5 .050 .028 0.43 .075 .093 0.7 .125 -0.75 .180

0.2 12mV 6.0 82 2.5 .050 .009 -0.2 .074 .020 0.25 .095 1.45 .194

0.2 12mT 6.0 82 2.5 .050 .005 0.12 .095 .024 -0.4 .180 0.4 .197

0.2 12mP 6.0 82 2.5 .058 .042 0.1 .094 .076 -0.15 .175 --- .175

See page 30. 1 denotes transverse acceleration.

TABLE XIV

AIR PRESSURE

00 0 (DC.• , . o "-- . ..

o0.2 P20 3.0 41 .33 0.8 2.0 -0.7 .041 .16 .190

0.2 P22 4.5 61.5 .050 0.5 1.4 -0.5 .046 .013 .I90
0.2 P24 6.0 82 .069 0.4 1.4 -0.5 .042 .012 .190

.0.2 P25 8.0 110 .093 0.3 1.1 -0.3 .045 .010 .192
0.2 P26 10 140 .119 0.25 0.95 -0.25 .046 .009 .170

0.2 P27 13 180 .154 0.25 0.95 -0.25 .048 .008 .172

* See page 31.
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A. Soil Ma ire .. t.

The arrival tiin',s of tre vmrtical acceleration in the soil plot.?i!

scaled distance for the three explosions are shown in Figure 26. In this ethe

symbol Vm has been used for tne average velocity from the charge to the pGTt sp,,jfied,

whereas V has been used to designate the apparent velocity indicated by tho difrronce in

arrival times at two adjacene measurement points. The fact that the values of both V and

Vm increase with increasing A for all three explosions is consistent with other informa-

tion indicating that the seismic velocity at Dugway increases with depth below the sur-

face.

The magnitudes of the first peak of horizontal end vertic i acef e rainI n

the soil at a gage depth of 2-1/2 feet have been plotted against scaled dissai ces tor the

three explosicis in Figures 27, 28, and 29. On the basis of infoinaticn o:. :*--mus

tests, we made estimates of the peak accelerations to be expected on -, ." ,: ,hot.

It was of considerable satisfaction to us that the measured values as i1zated in Figure

29 were reasonably close to our estimates (within about 25 per cent). As a result of 0.2

scale tests, we estimated the peak accelerations for the 0.5 scale shot and were so._zewhat

chagrined to find that the measured values as indicated on Figure 28 were significantly

larger than our estimates, particularly for values of A larger than 3 or 4. In reviewing

the peak accelerations of the 0.5 scale test in order to predict the values tc be expected

on the 1.0 scale test, we were in a quandary as to which part of the broken curves to use.

'.t appeared probable that the lower part of the curves on Figure 28 should be used but we
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were reluctant to make so drastic a change as those figures would indicate. The measured

values on the 1.0 scale test, as sbown in Figure 27, demonstrated that we should have had

confidence in the lower part of the 0.5 sculo curves. Further consideration upon comple-

tion of all the tests suggests that the absolute distance as well as the scaled distance

401  02 must be considered. It is our belief that the change in

0 5 velocity with depth is primarily responsible for the change

, in magnitude and slope, and that the higher velocity in the

t I l lower layers first becomes important at Dugway at a radius
09ca - I
07 -,

0 - frora the explosions of 175 to 200 feet.

05

04- The pres>-ure in the soil dj measuredi: tlirj Oil-

- I filled ba6 is plotted again.t scaled distances for all

02 _

three shots in Figure -0. As has been mentioned previously,

1 - i--- these measurements were not a part of the Dugway contract

00 9 - 4 -

-06 and are included simply for completeness.
05

004 The E.R.A. data on soil accelerations and pres-

-- I I' ___ Isu:es which were available at the time of this report huve
002iI

1 0. 0.2 o,, I been studied briefly, Attempts to compare them with our
,t"1.0 scale

00 2 3 4 6 . measurements have not been satisfactory for several reasons.

Figure 30. Peak Value Soil The E.R.A. data were taken at different depths, different
Pre ssure.

radii, and in a different sector. Although there is an

overlap in radius and we do not feel that the difference in depth explains the wide vari-

ance, it Is entirely possible that the difference in angular position of the two groups

of instruments is quite important. Important dissymmetries in the crater outline and the
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depth of throw-out material, particularly in the 0.2 scole and tne 1.0 sc:ie shots, lead

to the expectation that measurementn at the same distance but at different angular posi-

tions will not be identical. In addition, the characteristics of the primary gages and
p J

the recording systems used by E.R.A. and the Institute are quite different. For these

reasons, one should p.orhaps not expect correlation. Comparieon of the actual figures

leads only to these generalities. The RR.A. measurements of soil acceleration appear il1

to be larger than oars in every case. Sometimes the factor is as large as 10 to 100. 1

The R.R.A. data on soil pressure are universally larger and no single multiplying factor

is apparent. I

B. Air-Blast deasurements

The peak values of the free air pressure side-on, as measured on all t'ree ex-

plosiono, are plotted in Figure 31 as a function of the scaled distawic. These measure-

nents of air pressure are perhaps the most satisfactory of all our measurements as far as

self-consistency aud correlation with pred'cted values is concerned.

C. Structure Measurements

it is of some interest to note in Tables VI and XI that for the most part the

horizontal dieplacement of th. footings of structures was greater tean that of the monu-

ments at the sawe scaled distances on both the 0.2 scale shot and the 0.5 scale snct.

There is a R-ngle important exception to this statement at X z 4.5 on t~he 0.5 scale shot.

The permanent vertical displacement of the footings is universally less than that of the i
4

unloaded monumonts.
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depth of throw-out material, partiularly in the 0.2 scale and the 1.0 3c"le Shots, lead

to the expectation tnat measurements at the same distance but at different angular posi-

tions will not be identical. In addition, the characterittics of the primary gages and

the recording systems used by E.R.A. and the Institute are quite different. For these

reasons, one should p-rhapsonot expect correlation. Comparison of the actual figures

leads only to these generalities. The E.R.A. measurements of soil acceleration appear

to be larger than ours in every case. Sometimes the factor is as large as 10 to 100.

The E.R.A. data on soil pressure are universally larger and no single multiplying factor

isb
is apparent.

B. Air-Blast Measurements

The peak values of the free air pressure side-on, as measured on all three ex-

plosions, are plotted in Figure 31 as a function of the scaled distance. These measure-

ments or air pressure are perhaps the most satisfactory of all our measurements as far as

self-consistency and correlation vith predicted values is concerned.

C. Structure Measurements

It is of some interest to note in Tables VI and XI that for the mnrt part the

horizontal displacement of the footings of structures was greeter tzan that of the nonu-

ments at the same scaled distances on both the 0.2 scale shot and the 0.5 scale shot.

There is a single important exception to this statement at X w 4.5 on the 0.5 scale shot.

The permanent vertical displacement of the foctings is universally less than that of the

unloaded monuments.
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On the full-scale shot the usefulness of the d-ata on movements of both the

soil and the structures is somewhat diminished because of the angular dissymmetry of the

explosion. This was first noted on an aerial photograph of the crater, which shows that

the radius of the lip is greater in the sector close to Target H. Further check revealed

that the hole excavated two years previously was in this same sector, as indicated in

Figure 4.

On the 0.5 scale shot our records indicate an anomalous behavior of Target N.

When the records of the V and A accelerometers of this target and Target 0 (both of which

are bridge piers at .z 2.5) are compared, there is a suggestion that N tilted forward

initially whereas 0 tilted rearward initially. In addition, the Coast and Geodectic

Survey measurements indicate that the radial movements of these two structures were sig-

nificantly different. (A slight inconsistency in some of these measurements is being

checked further.)

In the 0.2 scale shot the most extraordinary feature was the amazing concentra-

tion of throw-out material n a narrow sector directly traversing the area in which our

structures were placed. Thus Structure X atk = 4.5 was completely buried while Structure

W, which was a duplicate of it atk = 3, suffered oaly minor deformation. Anomalous be-

havior was noted in several instances. For example, the triangular structure Target Q

was found with the deck behind the footings while similar Structure R was found with the

deck displaced ahead of the footings. Similarly, rectangular Structure T fell forward

whereas Structure X fell to the rear.
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